Aquifer, while that to the west of Longitude 29 o 00' 00'' is confined and subjected to upward leakage from younger and deeper aquifers. The pumping tests (9 experiments) carried out in the area indicate highly productive aquifer in Wadi El-Farigh (unconfined aquifer) with transmissivity ranging between 720 and 6500 m 2 /day, and low productive aquifer west of ElMoghra Depression (confined aquifer) with transmissivity ranging between 61 and 600 m 2 /day. Changes of water chemistry due to variation in the depositional environment and source of recharge have also been assessed and genetically classified. The water salinity-water level relationship has T revealed a very coherent picture about the fresh water-saline water interface, as well as delineation of promising areas within the study area for different purposes of development. The area to the east of water level 27 m below sea level has water salinity less than 2000 ppm covering an area of about 375000 hectare, within a distance of about 75 km, which is suitable for agriculture and domestic water uses. Additional area to the west of water level -27 m is about 488000 hectare having salinity between 2000 and 5000 ppm can be used for cultivation of salt tolerant crops. The water quality data have been also used for the differentiation between the continental and marine facies of the aquifer, as well as for the detection of the recharge sources and flow direction.
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The study area is considered as a part of the Western Desert of Egypt, and it encompasses Wadi El-Farigh (west of Wadi El-Natrun) and its extension westward to Qattara Depression and northward to the Mediterranean Sea. It lies between Longitudes 25 o 30' 41'' and 31 o 00' 00'' E and Latitudes 29 o 00' 00'' and 31 o 42' 00'' N covering an area of about 150000 km 2 (Fig. 1 ). The concerned area is characterized by arid to semi-arid climate, as indicated by the data obtained from three meteorological stations namely, Siwa, Wadi El-Natrun and El Dabaa during the period from 1988 to 1993. The mean annual rainfall is about 212 mm (at El-Dabaa station), decreasing eastward to about 31 mm (at Wadi El-Natrun station) and southwards to about 16 mm over Siwa Oasis.
Landforms
In the study area, the following landforms ( Fig. 2) are recognized from east to west (Ball, 1933; El Shamy, 1968; Said, 1960 and 1962 and Hafiez, 2011 .  Wadi El Natrun Depression (-23 m).  Wadi El-Farigh Anticline (+ 100 m).  Geble El-Hadid Table-land (max. + 200 m) .  The Moghra Depression, it sinks below sea level by 38 m.  El Heneishat Sand Dune Chains, this belt of elongates dune series extends without break from the southern portion of the study area till the northern periphery of the Fayum Depression, and has a distance of about 50 km in a NNW-SSE direction.
 Marmarica Table- Marmarica table-land and the Mediterranean recent shore and its elevation ranges between -3 and +35 m.  The Qattara Depression is a closed inland basin bounded by steep escarpments along its northern and western sides, with an average escarpment elevation of 200 m above sea level. Fig. (1) . Location of the study area. 
Geologic Setting
Recent drillings in the northern part of the Western Desert have shown that the geologic succession consists of a thick cover of Tertiary sediments belonging mainly to the Lower and Middle Miocene. The present work deals mainly with the Lower Miocene strata. Most of the study area surface is covered with gentle dipping Neogene strata of uniform lithology. There are a few patterns of major faults trending NE -SW and controlling the area.
The section of the Dabaa I well (31 o 01' 19'' N, 28 o 29' 42'' E) shows the following Miocene strata from bottom to top (Said, 1962) : 2.1. Moghra formation: It is composed of continental to shallow marine clastic sequence of Early Miocene time, which grades laterally to the north and west into the marine Mamura Formation, while to the south into the genuine fluviatile redbeds of Gabal Khashab. It lies at the extreme eastern tip of the Qattara Depression where a 230 m section (base unexposed) of sandstone, siltstone and calcareous shale are described. The Lower Miocene overlies the Dabaa Formation and underlies the Marmarica Formation, with thickness distribution ranging from 500 to 0 m in the middle part and in the western and southern peripheries, respectively.
Mamura formation:
It is composed of limestone and calcareous shale sequence, which is the marine equivalent of the Moghra, and of uniform lithology. It rests above the Dabaa Formation and is conformably overlain by the middle Miocene Marmarica Formation.
Marmarica formation:
It is composed of limestone, dolomite and shale of Middle Miocene Age. The type locality is the scarp to the north of Siwa Oasis, where the surface section has 78 m thick (base unexposed) and is made up of limestone and marl. In all other areas, it overlies the Moghra Formation. The formation covers the Marmarica plateau of the north Western Desert and is overlained along the Mediterranean littoral, by a thin shallow marine unit of pink limestones (CONOCO, 1987 and Klitzsch et al., 1987) (Fig. 3) .
Structurally, the Miocene terrain in the study area is built of a series of folds. The fold axes trend mainly in N 70 o W to N 40 o W direction. The study area is dissected by many normal faults belonging to three systems; NW-SE system, NE-SW system, and E-W system (Omara and Sanad, 1975 and Misak, 1979) . Regionally, Meshrif (1990) has classified the Northern Western Desert of Egypt, on structural bases, into the following: Northern marine basin, North Abu El-Gharadig transitional basin, and South Abu El-Gharadig basin (Fig. 4) . (Meshrif, 1990) .
RESULTS AND DISCUSSION

Aquifer Conditions
In the present work, a number of 200 wells are tapping El-Moghra Aquifer in the area ranging in depth from 120 to 470 m have been investigated for flow directions, water quality, aquifer dimensions and hydraulic parameters ( (Fig. 6 ), the flow is from east (-24 .37 m at well no. 107) and west (4.11 m at well no.184) to the middle part (-48 m at well no. 130). This means that Qattara Depression (-134 m) acts as a natural drain (major discharge area) for El-Moghra Aquifer water as shown in the potentiometric surface map (Fig. 10 ).
There is an abrupt sinking of the water table (section D-D', at well no. 172, Fig. 9 ). 6. The geological structures play an important role on the distribution of ElMoghra Aquifer thickness, where most of the normal faults have their thrown westward and northward and consequently increase the thickness of the aquifer in the same direction. The normal faults make some horsts (section C-C', Fig. 8 ) and some grabbens (section A-A', Fig. 6 ). 7. The Marmarica limestone, which acts as an overlying rock (water bearing rock) on the Moghra Aquifer to the west of Qattara Depression, affects considerably the hydrogeological conditions of groundwater from unconfined to confine and the recharge process. The Marmarica Limestone Formation represents a good aquifer in the area to the north of Qattara Depression. It has a hydrogeological potentialitiy, which controls the recharge of the Moghra Aquifer and control the flow regime of such aquifer (Korany, 1975 and Hilmy et al., 1977) . 
Hydraulic Parameters of El-Moghra Aquifer
One of the main objectives of groundwater resource evaluation is the prediction of hydraulic head drawdown in aquifer under proposed pumping schemes. For the determination of the hydraulic parameters of El-Moghra Aquifer, a number of long duration pumping tests were carried out for nine wells in the study area representing the two conditions of El-Moghra Aquifer (unconfined to the east and confined to the west), using Jacobs and Hunter (1950) equations. The results obtained from these tests (Table 1 and According to well productivity classification (Sen, 1995) , the tested wells of El-Moghra Aquifer can be classified into highly productive (Q/s more than 18 m 3 /h/m), Moderate productive (Q/s from 18-1.8 m 3 /h/m) and low productive (Q/s from 1.8-0.18 m 3 /h/m).
Well no. 106 Well no.167
Unconfined condition Confined condition Fig. (11) . Selected pumping test data analysis.
Hydrochemical Characteristics
To study the variation in groundwater quality of El-Moghra Aquifer, a number of wells (45 wells) was chosen representing the different conditions of El-Moghra water and the evolution of water quality within the flow direction was also assessed. The chemical analysis of selected 45 water samples has revealed the following (Table 2 ): 1. The water salinity TDS in the regional Moghra Aquifer ranges between 289 and 31000 ppm. The geographical distribution of TDS indicates fresh water in the vicinity of Wadi El-Natrun and highly saline water in the vicinity of Qattara Depression (Fig. 12 ). 2. The majority of the aquifer in the study area attains water salinities between 5000 and 10,000 ppm. 3. Such wide range in water salinity is evidently attributed to the changes of depositional environment of El-Moghra Formation from continental to marine. The hydrochemical indices Na + /Cl -and SO 4
--/C -(based on equivalent values) are used in this work to differentiate between water affected by each of both environments. 4. Genetically, from the water analysis data, the values of Na + /Cl -less than 0.85 indicate marine environment, while that more than this value indicate continental one. On the other hand, SO 4 --/Cl -ratio less than 0.1 indicate marine condition, while values more than this figure indicate continental condition (Hem, 1985) . From table (2), all samples collected to the east of Long 30 o 00' 00'' are of continental facies while those lying to the west of Long 29 o 00' 00'' are related to marine environment where the Marmarica Formation is exposed on the surface. Fig. (12) . Iso-Salinity contour map for El-Moghra groundwater.
5. The Piper (1944) genetic diagram ( Fig. 13) shows that El-Moghra Aquifer at Wadi El-Farigh is recharged from the Nile aquifer in the east, while that lies near El-Moghra Oasis and near Qattara Depression is probably recharged through upward leakage under artesian condition from deeper marine strata as indicated from the field measurements as well as from the well correlations and hydrogeological cross sections.
CONCLUSION
Five main issues have been raised up in conclusion of the present study, as follows: 1. The first issue deals with the relationship between water levels and salinity, where the following are concluded (Fig. 14) : i-The potentiometric level varies from about -7 m at well no. 5 to -111 m at well no.153 through a distance of about 340 km in E-W direction. ii-In the same direction, the water salinity increases from about 1000 to 125000 ppm from east to Qattara Depression. iii-A transional zone appears after about 75 km in E-W direction where the water salinity starts rising up from 1000 ppm where the water level is 27 m below sea level. 2. The second issue deals with the relationship between water quality on one side and the depositional environment and source of recharge on the other side. The calculated hydrogeochemical indices and the applied genetic classification (Piper method) strongly indicate that the area in the vicinity of Wadi El-Natrun in the east is characterized by continental facies and a close contact with the Nile Delta aquifer, while to the west of Wadi ElFarigh the marine facies and characters dominate. 3. The third issue deals with the groundwater flow direction, where the potentiometric water level map has obviously indicated that the recharge area is in the Nile Delta up to Wadi El-Farigh anticline, while the Qattara Depression is the discharging area for the whole aquifer unit. 4. The fourth issue deals with the visual interpretation of the landsat image acquired on 2009, which detects the extensions of the agricultural development in the study area compared with the present status of agricultural investments as shown in Fig. (15) , where the total cultivated area depending on El-Moghra fresh water aquifer is about 67768 hectare. 5. The fifth issue deals with the extractable water volume of El-Moghra Aquifer in the eastern area where the aquifer is unconfined to semiconfined and where the water salinity is less than 5000 ppm; (already invested area for agricultural development). The water well investigations indicate an approximate volume of 984x10 6 m 3 .
RECOMMENDATIONS
From the present study, one can recommend the following: 1. All agricultural investments of El-Moghra Aquifer should be to the east of Longitude 30 o 00' 00'' E where: -The water level is above -27 m.
-The water salinity is less than 2000 ppm. -The transmissivity of the aquifer is relatively high ranging between 720 and 6500 m 2 /day. 2. Laterally, the promising area for the agricultural investments of ElMoghra Aquifer should not exceed Latitude 30 o 00' 00'' N at south and 30 o 45' 00'' N at north. 3. This means that the promising area based on the above criteria is about 375000 hectare. An additional area of about 488000 hectare having water salinity between 2000 and 5000 ppm can be used for cultivation of salt tolerant crops, while those having water salinities more than 5000 ppm could be used for industrial purposes; e.g. oil industry, mineral washing and specific salts extraction. 
